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INTRODUCTION
Ethnic differences in craniofacial morphology have been documented previously 1, 2 and are generally accepted in the orthodontic specialty. Authors suggest that ethnic differences should be considered in orthodontic practice and that modified standards for each ethnic group are recommended in orthodontic diagnosis.
Associations between craniofacial and upper cervical spine morphology have also been documented. [3] [4] [5] Morphological upper cervical spine deviations occurred significantly more often in patients with severe malocclusions compared to patients with neutral occlusion, and the deviations of the upper cervical spine were associated with retrognathia, large inclination of the jaws, and a large cranial base angle. 3, 4 In addition, dimensions of the first cervical vertebra, Atlas, have been shown 6, 7 to be associated with craniofacial morphology and mandibular growth.
As the morphology and dimensions of the upper cervical spine are associated with craniofacial morphology, and because craniofacial morphological differences between Asians and Europeans have been found, upper spine morphology may be different in the two ethnic groups. As the upper spine belongs to the cerebellar and cervical spine field and the posterior cranial fossa represents the cerebellar part of the field visible on the lateral cephalogram, it also seems relevant to include this area in the analysis. 8 Moreover, since previous studies [3] [4] [5] [6] [7] have shown that upper spine morphology/dimensions were associated with craniofacial morphology and mandibular growth, and as classic longitudinal implant studies on lateral cephalograms by Björk 9 have shown seven signs with which to predict mandibular growth, an association between upper spine morphology/dimensions and Björk's growth prediction signs 9 is suggested.
The aims of this study were (1) to analyze differences in upper cervical spine and craniofacial morphology, including posterior cranial fossa and growth prediction signs, between European and Asian pre-orthodontic children with skeletal Class II malocclusion and (2) to analyze associations between morphological upper cervical spine deviations and craniofacial characteristics, including growth prediction signs. The null hypothesis was that there were no significant differences in upper cervical spine and craniofacial morphology between the two ethnic groups and no significant associations between upper cervical spine morphological deviations and craniofacial characteristics in the two groups.
MATERIALS AND METHODS
All pre-orthodontic children with skeletal Class II malocclusion registered in the Orthodontic section at the Department of Odontology, University of Copenhagen, Denmark, and the Orthodontic Department of Seoul National University Dental Hospital, South Korea, in the period from 2008 to 2015 were included. The inclusion criteria were (1) no previous orthodontic treatment, (2) lateral cephalogram available at pretreatment and five first upper cervical vertebrae visible on the lateral cephalogram, (3) sagittal jaw relationship: Subspinale-Nasion-Supramentale (ss-n-sm) larger than 4.58 (1 standard deviation [SD] above the mean), 2,10 (4) overjet larger than 5 mm (1 SD above the mean), 2,11 and (5) before/on the pubertal growth peak (before/on capping of middle phalanx on the third finger [Mp3 cap]). 12 The exclusion criteria were patients with craniofacial syndromes or other general diseases.
The total group included 146 patients, 81 boys and 65 girls, aged 8-15 years. Ninety-three subjects were included from Copenhagen and 53 from Seoul ( Table  1 ). The study was approved by the Danish Data Protection Agency (No. 2015-57-0121) and the ethical committee of Seoul National University Dental Hospital, South Korea (IRB 207/08-16).
When power analysis was performed using cephalometric variables representing the craniofacial morphology, such as ss-n-pg and NSL/ML, 1,2 at least 20 subjects in each group were required to have sufficient power (80%) to identify statistically significant differences at the 5% level of significance.
Skeletal maturation stage was assessed on handwrist radiographs. 12 Upper spine and craniofacial morphology, including growth prediction signs by Björk, 9 were assessed on lateral cephalograms. All lateral cephalograms were taken in centric occlusion 
Craniofacial and Upper Spine Morphology
Craniofacial morphology was analyzed according to the methods of Solow and Tallgren 13 and Caspersen et al. 14 (Figure 1 ; Table 1 ).
Morphological deviations of the upper cervical spine were visually assessed and classified into two categories: fusion and posterior arch deficiency, as described by Sandham. 5 Fusions were divided into three categories: fusion, block fusion, and occipitalization. Posterior arch deficiency included partial cleft and dehiscence ( Figure 2 ). Children with either fusions or posterior arch deficiency were categorized as upper spine morphological deviations, and children with more than one fusion deviation and/or more than one posterior arch deficiency were categorized as more than one deviation ( Table 2) .
Dimensions of Atlas were measured according to Huggare, 6 and the height of the posterior neural arch at the slimmest part was measured as well ( Figure 3 ; Table 1 ). 
Growth Prediction Signs
The growth prediction signs according to Björk 9 were evaluated, as follows: (1) Inclination of the condylar head, (2) curvature of the mandibular canal, (3) shape of the lower border of the mandible, (4) inclination of the symphysis, (5) interincisal angle (Ils/Ili), (6) intermolar angle (MOLs-MOLi), and (7) lower anterior face height (sp-gn). The four bony structures (1) (2) (3) (4) were visually assessed and marked as forward, backward, and neutral growth prediction of the mandible according to Björk, 9 and the three continuous variables (5-7) were analyzed digitally ( Figure 4 ; Table  3 ).
Reliability and Method Error
The reliability was evaluated by remeasuring 25 lateral cephalograms at random. The differences between the two sets of remeasurements were calculated, and no systematic errors were found. The method errors 15 for craniofacial morphology, including the three continuous growth prediction signs, ranged from 0.14 to 2.12, and Atlas dimensions ranged from 0 to 1.0 mm. The reliability coefficients 16 were 0.76-0.99 for the craniofacial morphology and 0.96-0.99 for the Atlas dimensions. The reliability was good (j ¼ 0.70) for the four categorical bony growth prediction signs and almost excellent (j ¼ 0.78) for the skeletal maturation stage between two sets assessed by kappa. 17 The reliability of the morphological deviations in the upper cervical spine was previously reported (j ¼ 0.82). 4 
Statistical Analysis
Shapiro-Wilks W-test showed that all the variables were normally distributed. Differences in craniofacial variables, Atlas dimensions, and the three continuous variables of growth prediction signs between the two ethnic groups were assessed by multiple linear regression analysis with an adjustment for age and gender. Differences in upper spine morphology, the four categorical bony growth prediction signs, and skeletal maturation stage between the groups were assessed by logistic regression analysis with an adjustment for age and gender.
In the whole group, associations between the upper cervical spine morphological deviations and craniofacial morphology, including the growth prediction signs, were assessed by logistic regression analysis and adjusted for age and gender. Associations between Atlas dimensions and craniofacial morphology were assessed by linear regression analysis with an adjustment for age and gender. The data were analyzed using SPSS software (version 21.00; SPSS, Chicago, Ill).
RESULTS
The Danish children were significantly older than the Korean children (P , .001). No significant difference in skeletal maturation stage or gender between the groups was found ( Table 1) .
Craniofacial Morphology Between the Groups
The sagittal dimension of the posterior cranial fossa (p-iop; P , .05) was significantly larger in the Danish group compared to the Korean group. The Korean group presented a significantly retruded chin position (ss-n-pg; P , .01), steeper maxillary and mandibular plane angle (NSL/NL; P , .001, NSL/ML; P , .001, NL/ML; P , .05), more hyperdivergent mandibular shape (ML/MBLar; P , .01) in the craniofacial dimensions, a significantly more proclined chin line (CL/ML; P , .01), and a significantly smaller overjet (P , .001) in the dental relationships compared to the Danish group (Table 1) .
Growth Prediction Signs Between the Groups
In the Danish group, the border of the mandible (P , .001) and inclination of the symphysis (P , .05) presented significantly more forward rotation signs compared to those of the Korean group. In the Korean group, lower anterior face height was significantly larger (sp-gn; P , .001) and interincisal angle was smaller (Ils/Ili; P , .05) compared to the results for the Danish group (Table 3) .
Upper Cervical Spine Morphology and Dimensions Between the Groups
There was no difference in the morphology and dimensions of the upper spine between the two ethnic groups (Tables 1 and 2 ). 
Associations Between Upper Spine vs Craniofacial Morphology and Growth Prediction Signs
In the total group, children with posterior arch deficiency or more than one deviation had significantly decreased overbite (overbite; P , .05). Children with any morphological deviations in the upper spine had decreased intermolar angle (MoLs/MoLi; P , .05) ( Table 4 ).
The anterior-posterior dimension of Atlas was positively associated with posterior cranial fossa depth (s-d; P , .01, d-p; P , .01) and mandibular prognathia (s-n-pg; P , .001, s-n-sm; P , .01) and negatively associated with the cranial base angle (n-s-ba; P , .01) and sagittal jaw relationship (ss-n-pg, ss-n-sm; P , .001) ( Table 5 ). Regarding growth prediction signs, the posterior neural arch height of Atlas was positively associated with inclination of the condylar head (P , .05), and the anterior-posterior width of Atlas was positively associated with the lower border of the mandible (P , .05; Table 5 ).
DISCUSSION
The present study described the upper cervical spine and craniofacial morphology, including the posterior cranial fossa and growth prediction signs, in Korean and Danish children with skeletal Class II malocclusion and demonstrated associations between upper spine morphology and craniofacial characteristics. As Koreans and Danes are relatively homogeneous ethnic groups and represent the morphologic characteristics of Europeans and North-East Asians, the children were included as representatives of the two ethnic groups. Considering that craniofacial and upper spine morphology is closely associated with skeletal maturity, skeletal maturity was evaluated in the present study. 12, 18 There was no significant difference in skeletal maturity between the two ethnic groups in the present study despite the age difference. The age difference was statistically adjusted.
In the present study, the differences in craniofacial morphology coincided with the differences in the growth prediction signs between the groups. The Danish group had a higher prevalence of forward rotation signs, whereas the Korean group showed more backward rotation signs. The findings were in accordance with the notion that the Danes had more hypodivergent craniofacial morphology compared to the Koreans, which was in agreement with the findings of previous studies. 1, 2 In the posterior cranial fossa, Danish children presented a wider sagittal dimension (p-iop). The new finding may reflect general morphological differences between the two ethnic groups. The reliability of Björk's growth prediction signs 9 has been questioned previously, 19, 20 but the reliability was good, and the growth prediction signs reflected the divergence of the jaws in the present study. a Linear regression analysis for the continuous variables, adjusted for the effect of age and gender. Logistic regression analysis for the categorical variables, adjusted for the effect of age and gender. NS indicates not significant.
* P , .05; *** P , .001. Considering the significant craniofacial morphological differences between the two groups and their association with the upper spine morphology, 3, 4 morphological differences in the upper spine were anticipated between the two ethnic groups. However, there was no significant difference in the upper cervical spine morphology between the groups. Instead, the occurrence of morphological upper spine deviations and dimensions was consistent regardless of ethnicity in the Class II malocclusion. This finding may provide new knowledge for understanding upper spine morphology and dimensions in different ethnic groups.
Limitations with regard to detecting morphological deviations of the upper spine (ie, fusions) on twodimensional images have been raised. 21, 22 In the present study, in order to avoid 'pseudofusion,' fusion was only registered if fusion was found consistently on all consecutive lateral cephalograms of the same patient and if fusion was confirmed independently by two of the authors. In a recent study 22 it was found that the agreement between lateral cephalograms and cone-beam computed tomographic images in detecting upper spine deviations was good and that lateral cephalograms were sufficient for evaluating the upper spine morphology.
When associations between upper spine and craniofacial morphology were analyzed, only overbite was significantly associated with upper spine morphological deviations. Previously it was found 3,4 that upper spine morphological deviations are associated with mandibular retrognathia, large inclination of the jaws, and a large cranial base angle. However, in the present study, children with decreased Atlas dimension presented larger cranial base angle, retrognathia of the mandible, and constricted posterior cranial fossa in depth. The findings were in agreement with those of a previous study 23 in which it was reported that Atlas dimensions were associated with mandibular prognathia, cranial base angle, and posterior cranial fossa dimensions.
An explanation regarding the associations between the upper spine and the craniofacial morphology including the posterior cranial fossa could be found in the early embryogenesis. The upper spine and the posterior cranial fossa are derived from the same developmental origin of the notochord. In prenatal studies, Kjaer 8 illustrated that the notochord controls the development of the upper spine and the posterior cranial fossa, which are structures that belong to the cerebellar and the cervical spine field. 8, 23 Furthermore, because the notochord determines the development not only of the upper spine but also of the basilar part of the occipital bone that is the posterior part of the cranial base angle, 8 the cranial base to which the jaws are attached could be the developing link between the cervical vertebral column and the jaws. 3, 4 Björk 24 found that the cranial base angle influences craniofacial morphology and that a large cranial base angle in adulthood is associated with retrognathia and an increased inclination of the jaws. The associations between the upper spine and the craniofacial morphology, including the cranial base, found in the present study may therefore be due to the developing link between the upper spine and the jaws through the cranial base. Upper spine morphology and dimensions were also associated with growth prediction signs in the present study. Children with decreased Atlas dimensions presented more backward rotation signs in the condylar head and lower border of the mandible, which was in agreement with the findings of previous studies. 6, 7 Upper spine morphological deviations were also associated with a growth prediction sign, the intermolar angle. Previously, it has been documented that the intermolar angle had a high predictive value in mandibular rotation 9 and that only the intermolar angle was unaffected by age. 20 Therefore, as the children were between 8 and 15 years of age before the pubertal growth peak in the present study, the intermolar angle presented stronger associations with the upper spine morphological deviations than with the other predictive signs when the results were adjusted for age and gender.
The new associations between upper spine morphology and growth prediction signs found in the present study indicate that Atlas dimensions and morphological upper spine deviations may be useful, in combination with Björk's predictive signs, 9 in predicting mandibular growth and rotation in orthodontic treatment planning for growing children. For example, if a child shows an unfavorable growth pattern according to upper spine deviations and Björk's predictive signs, 9 the prognosis of a growth adaptation treatment may be poor, and an alternative, compromised fixed appliance treatment may be suggested.
CONCLUSIONS
New ethnic differences in posterior cranial fossa morphology and growth prediction signs between Danish and Korean children were found. Upper spine morphology/dimensions were significantly associated with the craniofacial morphology, including the posterior cranial fossa and growth prediction signs. The results may prove valuable in treatment planning for growing Class II children.
